In man, infusions of norepinephrine into the brachial or femoral artery cause vasoconstriction, infusions of isoproterenol produce vasodilatation, and infusions of epinephrine result in vasodilatation followed by vasoconstriction (2-4). According to Ahlquist's classification of adrenergic receptors (5, 6) , the vasoconstrictor effects of sympathomimetic amines are mediated through alpha receptors, and the vasodilator responses are subserved by beta receptors. Drugs such as phenoxybenzamine that block alpha receptors antagonize the constrictor action of norepinephrine and epinephrine and potentiate the vasodilator effect of epinephrine but not that of isoproterenol (4, 7, 8) . These observations suggest that the actions of norepinephrine and isoproterenol are mediated through alpha and beta receptors, respectively, while the action of epinephrine is a summation of its effects on both receptors (7).
In man, infusions of norepinephrine into the brachial or femoral artery cause vasoconstriction, infusions of isoproterenol produce vasodilatation, and infusions of epinephrine result in vasodilatation followed by vasoconstriction (2) (3) (4) . According to Ahlquist's classification of adrenergic receptors (5, 6) , the vasoconstrictor effects of sympathomimetic amines are mediated through alpha receptors, and the vasodilator responses are subserved by beta receptors. Drugs such as phenoxybenzamine that block alpha receptors antagonize the constrictor action of norepinephrine and epinephrine and potentiate the vasodilator effect of epinephrine but not that of isoproterenol (4, 7, 8) . These observations suggest that the actions of norepinephrine and isoproterenol are mediated through alpha and beta receptors, respectively, while the action of epinephrine is a summation of its effects on both receptors (7) .
The discovery of dichloroisoproterenol (9) , an antagonist that blocks selectively vasodilator adrenergic receptors (10) , provided a tool for further study of the mechanism of action of catecholamines in man.
The present experiments were done to compare quantitatively the vasodilator actions of isoproterenol and epinephrine and to see if dichloroisoproterenol blocks these vasodilator actions but not the vasoconstrictor effect of epinephrine in man.
Methods
Experiments were done on 10 ambulatory male patients ranging in age from 19 to 58 years. The subjects * Submitted for publication August 19, 1963;  accepted October 23, 1963 .
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were in good general health and without cardiovascular disease. They were studied while lying in the supine position. Room temperature was maintained at 82 to 840 F. Each leg was placed in a limb-segment plethysmograph and suspended from the heel and lower thigh by slings padded with foam rubber. The proximal ends of the plethysmographs were just distal to the patellae, and the posterior aspects of the legs were at heart level. Care was taken to put the legs in a comfortable position and to avoid venous compression by the upper sling. The water temperature in the plethysmographs was maintained at 90°F, and the water levels were adjusted so that the pressure on the legs was slightly higher than venous pressure. This reduced transmural venous pressure to a low constant value so that the veins could be distended freely when venous congestion was produced by inflating pneumatic cuffs placed just above the knees. Cuffs around the legs distal to the plethysmographs were inflated to suprasystolic pressure during measurements of blood flow to exclude the circulation in the lower leg and foot. The cuffs on both limbs were inflated simultaneously. Changes in limb volume were measured as changes in the height of a column of water in open tubes attached to the top of the plethysmographs. The changes in water level were taken as changes in pressure by Sanborn pressure transducers. Cournand needles were inserted into both femoral arteries. The needles were connected to manifolds upon which the syringes for intra-arterial inj ections were mounted. Arterial pressure was measured with a Statham transducer connected through one of the manifolds to the intra-arterial needle. Room and skin temperatures were monitored with a thermistor. The changes in water level within the plethysmographs and the intra-arterial blood pressure were recorded with a Sanborn direct-writing oscillograph. Blood flow was calculated from the rate of increase in leg volume with venous occlusion and expressed in milliliters per minute per 100 ml of leg volume.
The drugs used in these experiments were l-epineph- 5% glucose in water, and the volume of injectate was 1 to 2 ml. Dichloroisoproterenol was diluted in 5 to 10 ml of normal saline and infused intra-arterially for 2 minutes. In the doses used, the drugs had no effect on systemic arterial pressure. At constant pressure the changes in flow reflected changes in vascular resistance of the calves. The experiments were designed to obtain quantitative information on the vascular responses to catecholamines in man before and after dichloroisoproterenol. Preliminary observations indicated that the responses to the same dose of amine varied not only from one subject to another but also in the same subject throughout the experiments. For this reason each agonist was injected into both femoral arteries simultaneously; the changes in blood flow through one calf were considered as experimental values and the changes in flow through the other calf as control values. Two doses of each agonist were administered, and the pairs of injections were delivered in random order before and after the simultaneous infusion of dichloroisoproterenol in the experimental leg and of saline in the control leg. After the antagonist the changes in responses to the agonists in the experimental leg, as compared to responses observed simul- 2 It is convenient to express the dose of norepinephrine in terms of the base and the doses of epinephrine and isoproterenol in terms of their salts. The doses of epinephrine and isoproterenol expressed in terms of their bases would be only slightly smaller.
Results
V'asodilator effect of intra-arterial injections of isoproterenol and epinephrine. Blood flow through both calves increased sharply during the first minute after injections of isoproterenol and epinephrine ( Figures 1 and 2 t Indicates responses to injections given more than 20 minutes after DCI (1 mg).
t The significance of the difference between responses in C and exp. was calculated using the paired t test.
equipotent, and the higher dose of each amine caused a greater effect (Table I) . Before dichloroisoproterenol the responses in both legs were similar. Dichloroisoproterenol caused a transient increase in flow ( Figure 2 ) and reduced significantly the vasodilator actions of isoproterenol and epinephrine in the experimental leg as compared to the control leg (Table I ). The reduction in the response to isoproterenol was not significantly greater than the decrease in the response to epinephrine (p > 0.1).
One mg of dichloroisoproterenol was administered in experiments 1 and 2. This small dose was as effective in antagonizing the action of isoproterenol and epinephrine as was a dose of 10 mg in experiments 3 and 4, and 15 mg in experiments 5, 6, and 7. The duration of blockade, however, was less than 20 minutes after the smallest dose (Table I ) and more than 1 hour after the larger doses. The highest dose, 20 mg, which was administered in experiments 8, 9, and 10, reduced the responses not only in the experimental leg but also in the control leg (Table I and Figure 2) .
Acetylcholine was injected into both femoral arteries in doses ranging from 50 to 100 fig without causing significant increases in calf blood flow (Table II) . Doses of 0.5 and 1 jug of histamine caused large increases in blood flow that were unaffected by dichloroisoproterenol (Table II and Figure 3 ).
Vasoconstrictor effect of intra-arterial injections of isoproterenol, epinephrine, and norepinephrine.
After the initial vasodilatation there were reductions in blood flow not only after epinephrine but also after isoproterenol and histamine (Table  III and Figures 1, 2, and 3 I In this experiment the large doses of intra-arterial acetylcholine caused a fall in mean systemic arterial pressure of 13 to 18 mm Hg and an increase in heart rate of 7 to 10 beats per minute without any increase in blood flow through the calves but rather a decrease. All other intra-arterial injections were insufficient to cause any change in systemic pressure. Acetylcholine (50 and 100 Mg) was injected into the femoral arteries in two additional experiments that were not part of this study, and it caused little or no change in blood flow. 7 Blood Flow to Lcft Leg Figure 4 ).
Discussion
Two main conclusions may be drawn from these observations: 1) epinephrine and isoproterenol are equipotent in their initial vasodilator action in man and 2) dichloroisoproterenol blocks the vasodilator effects of both amines equally. The similarity between the structure and molecular weight of these two amines, their equal potency as vasodilators, and the equal blockade of their action by dichloroisoproterenol are all compatible with the hypothesis that they both act on the same receptor proposed by Ahlquist (5, 6) . Recently Glover,
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Reductions in blood flow through the calves after intra-arterial injections of isoproterenol, epinephrine, histamine, and norepinephrine before and after dichloroisoproterenol* Before DCI After DCI % decrease in flow after % decrease in flow after * Iso. = isoproterenol, epi. = epinephrine, hist. = histamine, norepi. = norepinephrine, C = control leg, exp. = experimental leg. Entries are average values, and the standard errors of the means are in parentheses. The percentage of decrease in flow was calculated from flow measurements obtained before and during the second minute after the injections.
t Norepinephrine (0.25 and 0.5 MAg) was injected into each femoral artery before and after DCI in experiments 8, 9, and 10. The doses of the other agonists are in Tables I and II. t Indicates that the ratio response in exp. response in C was significantly lower after DCI than before DCI (p <0.05). indicate that vasodilator or beta adrenergic recel)tors may exist in the forearm of man. Our findings support their work and suggest in addition that epinephrine and isoproterenol are equipotent in their effect on the beta receptors in the blood vessels of the calf of man. This is in contrast to the results of in vitro experiments on animal tissues which indicate that isoproterenol is a more potent stimulant of beta receptors than epinephrine (13) .
Acetylcholine and histamine were used as vasodilator agonists to test the specificity of the blockade. Acetylcholine produced little or no vasodilatation in the blood vessels of the calf even when doses as high as 1 mg were injected into the femoral artery (Table II) . The reason for this lack of response is not apparent. It may be that large amounts of the injectate were distributed into the thigh or that the drug was broken down rapidly by cholinesterase in the blood. In one experiment, however, the dose of intraarterial acetylcholine was sufficient to cause a fall in systemic arterial pressure and an increase in heart rate without increasing blood flow through the calves (Table II) . Others (7) have observed large increases in bWood flow through the forearm after injections of 10 t^g of acetylcholine into the brachial artery.
Histamine had a vasodilator effect which was equal to that of epinephrine and isoproterenol but which was not antagonized by dichloroisoproterenol, suggesting that the blockade of the vasodilator adrenergic receptors is specific.
The intra-arterial injections of epinephrine caused a biphasic response in blood flow through the calf similar to that observed with intrabrachial infusions by Allen, Barcroft, and Edholm (2) and by Duff and Swan (3). After the large initial vasodilatation that lasted 1 minute, there was a decrease in flow below control levels that also lasted 1 minute. De la Lande and Whelan suggested that the dilator effect of epinephrine is obscured partially by its more potent constrictor action (7) . Blockade of the vasoconstrictor action with chlorpromazine and phenoxybenzamine augmented and prolonged the vasodilator action (7, 8) . The response to intra-arterial epinephrine was ascribed, therefore, to a balance between a vasodilator and a vasoconstrictor effect (7) . Accordingly, blockade of the vasodilator effect of epinephrine should have augmented its vasoconstrictor action. In the present experiments, however, the vasoconstrictor response was not augmented after dichloroisoproterenol; it was reduced. Glover and associates reported a similar finding (12) (14) showed that autoregulation of blood flow by vasoconstriction occurs after an increase in flow in skeletal muscle. Folkow (15) 
